Introduction {#sec1-1}
============

Photorefractive keratectomy (PRK) is the most popular refractive procedure and is being used for the treatment of various kinds of refractive errors such as myopia, astigmatism, and hyperopia.\[[@ref1]\] It is a flapless, well-established procedure with a low rate of complication which has been done for over 20 years.\[[@ref2]\] The most important advantage of this method is the fact that a very limited, trivial thickness of the natural tissue of the cornea is affected by the surgical operation, leading to fewer side effects including postoperation pain,\[[@ref3]\] refractive error changes after surgical operation especially in those with familial background regarding conical cornea,\[[@ref4]\] postoperation infections resulting from contact lens usage,\[[@ref5]\] and postoperation corneal haze;\[[@ref6][@ref7][@ref8]\] however, serious complications including corneal ectasia, epithelial ingrowths, and flap-related complications have been reported.\[[@ref9][@ref10][@ref11][@ref12]\]

The corneal haziness results from inflammation response and production of toxic materials such as oxides along with a delay in epithelium healing which normally occurs during 3--4 days post-PRK operation secondary to the Vitamin C (ascorbic acid) deficiency.\[[@ref3][@ref13][@ref14]\]

In addition, it seems that the main reason for postoperation pain is due to heat injuries secondary to laser excimer because the temperature of cornea sometimes reaches 53° after laser irradiation. If higher degrees of refractive errors occur, the temperature of cornea rises up, and sometimes, it reaches 60°--70°. These injuries lead to the releasing of chemical mediators including prostaglandins, histamines, and substance P.\[[@ref15][@ref16]\]

Postoperative pain and lid edema are PRK\'s main disadvantages in comparison to LASIK. A study by Mohammadi *et al*. demonstrated a significant association between the inflammatory signs of lid edema and post-PRK pain.\[[@ref17]\]

Furthermore, it is worth mentioning that the patients who have more severe pain are more likely to complain of ocular soreness, namely, foreign body sensation and tearing. These findings support the use of topical and systemic steroids, nonsteroidal anti-inflammatory drugs, and antineuralgics for the alleviation of pain.\[[@ref18][@ref19][@ref20][@ref21]\]

Vitamin C is a revitalization agent which has a significant role in the maintenance of antioxidant situation.\[[@ref22]\] It results in the destruction of free radicals in tear film after PRK operation\[[@ref23]\] that can prevent postoperation neovascularization.\[[@ref24]\]

A retrospective study showed that the consumption of edible ascorbic acid supplements has a preventive effect on the development of haze after PRK.\[[@ref13]\] However, there are no hard and fast rules regarding the dosage or duration for Vitamin C usage. Stojanovic *et al*. used 500 mg of Vitamin C twice a day 1 week before surgery and for 2 weeks after surgery.\[[@ref13][@ref25]\]

Presently, clinical pain manage measures focus on the pain medication administration. Given the potential offshoots and risks associated with pain medications,\[[@ref26][@ref27][@ref28]\] we conducted the present study to investigate the preventive effect of the Vitamin C supplement on corneal haze, eyelid edema, epithelial healing, mitigation of pain, and epiphora after PRK.

Materials and Methods {#sec1-2}
=====================

This single-center, double-blind controlled trial was conducted on 102 eyes of 51 patients who underwent PRK surgery in ophthalmology clinic, Baqiyatallah hospital, Iran, as of May up to December 2015. The study adhered to the tenets of the Declaration of Helsinki. All aspects of the trial were approved by the Ethics Committee and the Institutional Review Board of Baqiyatallah University of Medical Sciences. Adult patients undergoing elective myopic PRK surgery were recruited. The patients were eligible to be enrolled in our trial if they had documented refraction stability of at least 1 year, had more than 18 years of age, had the ability to answer the questions posed by the researcher, had following up the treatment for 4 months or longer period after surgical operation, and had been consuming the medicines regularly. If a patient declined to continue his/her participation in the study, s/he was dismissed from the study and continued his/her treatment based on the standard criteria. Participants with myopia more than 8 D, astigmatism more than 4 D, keratometry more than 48D, corneal thickness \<480 mm, and the mesopic pupil size larger than 6 mm or any degree of hyperopia were excluded from the study. Patients with keratoconus, herpes keratitis, corneal dystrophy, glaucoma, cataract, blepharitis, uveitis, pregnancy, past medical history of dry eyes, diabetes mellitus, keloid formation, autoimmune disease, and immune deficiency were not included in the study. Moreover, those who underwent previous ocular surgery were also excluded from the study. If the patients had already used soft contact lenses, they prohibited from using lenses for at least 7 days, and if they had used hard lenses, similarly, they were disallowed from using the lenses at least for 14 days before visual acuity testing. Informed consent to undergo the surgery was obtained from all the participants after discussing the possible risks of the operation.

A complete eye examination was performed including slit-lamp examination, biomicroscopy, manifest refraction, cycloplegic refraction, uncorrected visual acuity and the best-corrected visual acuity, measurement of the intraocular pressure, corneal topography, ultrasonic pachymetry, keratometry, and indirect funduscopy.

Surgical procedure {#sec2-1}
------------------

All the procedures of surgical operation were carried out by a single surgeon (AA). Before laser ablation, topical anesthesia (lidocaine 2%) was instilled in each eye. Then, an 8.5-mm epithelial defect was made using a blunt spatula following the application of a 17% alcohol solution for 15 s. After that, stromal ablation was completed by Technolas 217-p excimer laser (Technolas Perfect Vision GmbH, Munich, Germany). Subsequently, mitomycin C 0.02% (Kyowa Hakko Kogyo, Tokyo) was left on the stromal surface for 10--35 s (depending on the patient\'s preoperative refraction) and was rinsed with 30 ml of cold-balanced salt solution. After applying one eye drop of topical antibiotic, clobiotic 1% (Sina darou, Tehran, Iran), a therapeutic soft contact lens (Air Optix; Alcon Laboratories Inc. Fort Worth, Texas, USA) was laid over both eyes. In all participants, postoperative medications were preservative-free artificial tears every 3 h and betamethasone 0.1% eye drop (Sina darou, Tehran, Iran) four times a day for 1 month that was tapered off over 2 months. Clobiotic 1% eye drop (Sinadarou, Tehran, Iran) was prescribed every 4 h until the contact lens was removed. Once the epithelial damage healed, the betamethasone 0.1% eye drop (Sinadarou, Tehran, Iran) was replaced with a fluorometholone eye drop (Sina darou, Tehran, Iran). Refraction assessments were repeated 3 months postoperatively.

The patients were randomly divided into two groups as follows: case group who received daily one 250 mg tablet of Vitamin C and control group who took placebo (manufactured by Osveh, Iran Pharmaceutical Company) 3 days before and 4 days after the surgical operation. Both groups were recommended to avoid overusing the food containing Vitamin C. These patients were examined by an ophthalmology specialist regarding eyelid edema, epiphora, pain, and epithelial healing 1 and 4 days after the surgical operation and regarding corneal haze in the 1^st^ and 4^th^ month after surgical operation.

The corneal haze was phased based on the following criteria: (1) the transparent cornea with no haze; (2) slight: it does not lead to any defects in the refractive power of eye; (3) medium: it leads to defect in the refractive power of eye; (4) high: the obscurity of cornea which prevents the refraction of light; and (5) extreme: the anterior chamber was not seen.\[[@ref12]\]

The eyelid edema was phased based on the following criteria: (1) no edema; (2) mild and tolerable: the edema is mild and tolerable; (3) medium: the eyelid is inflated; however, the patient can open his/her eyelid; and (4) severe and nontolerable: the patient is not able to open his/her eyelid actively and s/he can open it inactively.

The epiphora was phased based on the following criteria: (1) without epiphora; (2) mild epiphora so that it does not lead to interruption of the person performance; (3) medium epiphora: between the modes 2 and 3; and (4) severe: there is continuous epiphora.

The severity of epithelial defect in patient was determined accurately by slit-lamp ruler; and the improvement of epithelial defect was phased based on the following criteria: (1) total healing so that no defect remains; (2) healing so that some defect remains as points being visible by fluorescent staining; (3) improvement so that some measurable defects remain (mm^2^).

The patients were examined regarding the degree of pain based on numeric rating scale (NRC11) so that\[[@ref15]\] the patients were divided into four groups as follows: 0: without any pain, 1--3: mild pain (troubling with low interference in performance of daily activity), 4--6: medium pain (significant interference in performance of daily activity), and 7--10: severe pain (unable to perform daily activity).

In the follow-up visits, at the 1^st^ and 4^th^ month after the procedure, visual acuity (corrected distance visual acuity and uncorrected distance visual acuity) was assessed by means of Snellen chart and then converted to logarithm of the minimum angle of resolution scale.

Statistical analysis {#sec2-2}
--------------------

After data collection, data were entered into SPSS software (version 19; IBM Corp., Armonk, NY, USA). Data were presented as *t*-test, Chi-square test, and paired sample *t*-test that were used for the description of central indices and dispersal and for comparing qualitative and quantitative data. In addition, nonparametric tests such as Mann--Whitney test were used for data which did not follow normal distribution. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Twenty-five patients out of the total of 51 patients were included in the case group, and the remaining 26 patients were included in the control group. The younger individual was 20 years of age, and the eldest was 53 years of age. The average age and the gender distribution in groups are totally and separately demonstrated in [Table 1](#T1){ref-type="table"}.

###### 

Demographic data of the study group

  Group         Treatment group (25)   Placebo group (26)
  ------------- ---------------------- --------------------
  Sex                                  
   Male (%)     9 (36)                 8 (30.8)
   Female (%)   16 (64)                18 (69.2)
  Age                                  
   Mean (SD)    29.34 ( 8.97)          27.76 ( 7.21)

No corneal haze was shown in the investigations performed in month 1 and month 4 after the surgical operation. The eyelid edema was reduced significantly in the case group compared with the control group 1 day after the operation (*P* = 0.007); however, there was no significant difference between the two groups regarding eyelid edema 4 days after the operation (*P* = 0.35). The findings of postoperation eyelid edema are shown in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. The degree of pain has no significant difference 1 day and 4 days after operation (*P* \> 0.05). The findings of postoperation pain are shown in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}. There was no significant difference regarding epiphora degree between two groups (*P* \> 0.05). The comparisons between the degrees of epiphora on day 1 and day 4 are shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}. The epithelial healing was so that the complete improvement in the case group (84%) was more that the control group(65%); however, it was not a statistically significant difference (*P* = 0.127). [Figure 7](#F7){ref-type="fig"} shows the comparison between the degrees of epithelial healing.
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Discussion {#sec1-4}
==========

The major goal of this prospective, double-blind controlled trial was to investigate the effect of consumption of Vitamin C on post-PRK side effects. Our findings demonstrated that Vitamin C leads to the reduction of eyelid edema 1 day after the surgical operation; however, there was no significant difference in other variable including epiphora, epithelial healing, pain, and corneal haze.

As already known and upon investigation of the level of ascorbic acid in the human tear after PRK surgical operation, Biligihan *et al*.\[[@ref23]\] found that the levels of ascorbic acid after PRK surgical operation reduced significantly. As ascorbic acid is an agent destroying free radicals in tear, treatment with local ascorbic acid may lead to the elimination of destructive effects of free radicals post-PRK surgery. In this study, the eyelid edema decreased after the surgical operation, and it can be related to the revitalizing effects of Vitamin C and its established effects on eye including the elimination of free radicals in tear after surgical operation.

Cornea haze after PRK surgical operation may result from the process of wound healing in cornea. In animal models, it was demonstrated that this process possibly begins with keratocyte apoptosis and then the overreproduction of cells. Furthermore, various studies found that omega 6, carotene, Vitamin B group, and mineral elements including copper and zinc have positive effects on surgical operation and they reduce the postoperation side effects.\[[@ref21][@ref29]\] Stojanovic *et al*.\[[@ref13]\] demonstrated that a mixture of steroids, nonsteroidal anti-inflammatory drugs, mitomycin, and ascorbic acid reduces corneal haze. Our study cannot judge the effects of Vitamin C because the corneal haze after the surgical operation was not seen in any group.

Kasetsuwan *et al*.,\[[@ref30]\] to assess the effect of local ascorbic acid on tissue damage resulting from free radical and the invasion of inflated cells in cornea after surgical operation with laser excimer, revealed that using antioxidant for reducing the tissue damage can lead to the decrease in stromal haze. Regarding the fact that ascorbic acid is effective and less harmful, it implies that it is a proper material because in our study it was displayed that the eyelid edema was reduced after the patients used oral Vitamin C along with pain reduction.

The power of this study was a double-blind, randomized prospective clinical trial; however, our research had some limitations including the limited sample size, the short-term follow-up, and the short period for the consumption of medicine; therefore, a multicenter research with a larger sample size with longer follow-up period is suggested to investigate other potential factors influencing the treatment results including job, surgery method, the type of the device, etc.

Conclusion {#sec1-5}
==========

The results demonstrated that the prescription of oral supplement of Vitamin C decreases significantly the eyelid edema 1 day after the surgical operation in comparison with placebo.
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